Abstract: This paper investigates a CDMA cellular system that provides multirate services to slow and fast moving mobile terminals. The system operates in a cellular overlaid configuration where each user transmits in a bandwidth proportional to the chosen service rate. The performance of the system is simulated in the presence of multiuser interference accruing fiom several users transmitting at independently chosen rates. A total of sir cases with dilfirerent combination of &ia rates are investigated It i s shown thut the system can susrain a maximum number of users slightly higher than harf the processing gain; in some cases this number is higher. The results show that the performance is not affected when the average powers of the interfering users vary within -5 and +5 dB of the desired user power. The variable bandwidth system is shown to outperform the fixed bandwidth sysfem.
I. Introduction
The 3rd generation wireless communication systems offering multirate multimedia communication services will be commercially introduced by year 2001. The new system will allow seamless global roaming by integrating wireless networks. The network users will be able to access services of their choice regardless of their location. The celiular configuration will use overlaid cells of different dimensions. Higher data rate services will be offered to low mobility terminals in micra or minicells because of their smaller delay spread while larger cells will be used to provide tower rate services to faster moving terminals.
In recent years, a lot of research has been done on multiuser multirate services [1-4]. In [I], a dual rate (8 and 16 kbitd sec) DS-CDMA system that uses fixed transmission bandwidth regardless of the data rate is investigated. The processing gain 06 the higher data rate was half of that for lower data rate. In this paper, we consider variable bandwidth multirate CDMA system that operates in an overlaid cellular configuration. The transmission bandwidth is proportional to the service rate chosen. In other words, the processing gains for different services is identical for all data rate (Rb) services. For illustration purpose, we consider three different data rates termed as voice (8 kbps), low data (Ldata. 16 kbps) and high data (H-data, 32kbps); other data rates are equally possible. The remainder of the paper is organized as follows: section 2 describes the system including the modulation scheme, channels, spreading codes and receiver structure. Because of overlaid structure and three data rates several simulation sce- where air) is Rayleigh distributed amplitude of the I-th path and $At) is the phase shift associated with that specific path. L is the number of paths. TI is the delay associated with the Ith path. Unless otherwise specified, Rayleigh faded channel is considered throughout the experiments. This assumption represents the worst case scenario.As the transmission bandwidth is much wider than the coherence bandwidth of the channel, the channel is frequency selective. The impulse response is assumed to span six chip periods. The channel consists of three paths; the first is assumed to be synchronized to the bit, the other two paths occur randomly within the remaining five chip period. Each path is represented by a complex Gaussian variable. The variance of each path in the simulated channel model is assumed to decay exponentially according to the relation exp(-TA/3), where TA is the arrival time of a ray relative to the first arrived ray. The channel profile is normalized that is the cumulative power of all paths is equal to unity. Since the system uses average power control, therefore the effects of shadowing are not considered in the simulation. The noise added at the input of the receiver is AWCN with two sided power spectral density equal to N&. The signal after passing through the channel is given by
The signal arriving at the receiver is given by K
where K is the number of users and n(t) is AWGN. The received signal is passed through a filter to bandlimit the noise. The receiver consists of a filter which is matched to the spreading code. The output of the filter is sampled at the chip rate before being fed to the forward filter of a decision feedback equalizer. For fast convergence, RLS algorithm is used to update the taps of the DFE [ i I.
III.
Simulation Scenarios A number of scenarios that can occur in the system considered are shown in Table 1 . The only differences between scenarios 1 and 2, 3 and 4, 5 and 6 are the combination of interferers. Our aim is to investigate how different combination of different types of interferers affect the performance. Simulation experiments were done for scenarios shown in Table 1 when the average power for all users is the same. These experiments are repeated while keeping the same Eb for all users regardless of their bit rate. Finally, simulations for some selected scenarios are performed when imperfect power control is used that is the average powers of the interferers relative to the desired user differ by d d B . For the purpose of comparison with the fixed bandwidth (F-BW) case, scenarios in Table 2 are simulated and compared with that of Table 1 . Only selected results are provided in this paper.
IV. SIR in multiple data rate scenario (i) Case.1: This case is referred to as the equal power case, where all users' power is the same, i.e. Pj=Pz= .....= P,,,. Therefore, E, of different data signal will vary according to their R,. Considering the H-data rate (RI) user as the desired user, the bit energy to noise density ratio can be expressed as [SI,
where the term in square bracket is the noise (or interference) and W is the transmission bandwidth. It can be shown that for different data rate users, (5) can be rearranged as (6), (7) and (8).
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Comparing equations (6) through (8). we note that for the same transmission power, low data rate users are less susceptibIe to bit errors than the high data rate users (although all types of users experience the same SIR).
(ii) Case-11: This equal bit energy case assumes same bit energy, Eb, for all users regardless of their data rate. Therefore, equations (6) through (8) are rewritten as:
User at H-data rate, SIR = k l
User at L-data rate, SIR = 2kl + k2 + 0.5k3
I
User at voice rate, SIR = 4kl
The combination of interferers plays an important role in determining performance. Case-I and I1 can be applied to F-BW case in a straight forward manner. In the V-BW case, the low bit rate users have the advantage because their entire signal spectrum is masked by the spectrum of other users, which can be considered white Gaussian. But this may not be true for H-data and L-data rate users because for H-data rate users, interference is non-white due to voice and L-data rate users, whereas, for L-data rate users nonwhite interference is caused by voice rate users. Therefore, the relative performances in the equal power and equal Eb cases remain to be seen. Simulation experiments investigate the performance in these cases.
V. Results
Prior to simulations, the suitable length of feedforward and feedback filters are determined. For this purpose, a single user system is simulated for the desired user at H-data rate (32 kbps), L-data rate (16 kbps) and voice rate (8 kbps randomly generated channels. The system is calibrated against AWGN channel environment. It is found that the simulated result matches expression (12) which is the probability of bit error for BPSK modulation in AWGN channel.
The probability of error in Rayleigh faded channel (no multipath) in the presence of interference (F-BW case) has been derived [5J and can be expressed as,
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where K is the number of users and N is length of spreading code. Here it is assumed that the average power of the desired user and the interferers are the same implying high signal to noise ratio where noise can be neglected. A simulation is performed for high SNR (4OdB) in a single ray Rayleigh faded channel for a number of users. The spreading gain of ail users is kept at 31. The desired user transmits H-data. Figure 1 shows close agreement between simulation and analytical result from (13) for number of users exceeding 6. Figure 2 and Figure 3 represent the cases where the desired user transmits H-data, L-data and voice respectively. It is noted, as expected, that BER performance degrades as the number of users increase. Furthermore, the BER in these cases converges to an irreducible error rate, which is significant for total user of 6, 8 and 15 and not for the 4 user case, This is due to limiting effect of high interference. To observe the performance variation due to user combination in the presence of high interference, the system is simulated for 15 and 8 users only (scenarios 2 and 6). BER performance between the scenarios are very close.
Applying (6) to 15 user case indicates that performance for both scenarios should be almost the same but scenario-] is slightly more immune to noise than scenario 2. However, overall performance for 15 user case may be considered as statistrcally similar. On the other hand, expected performance of scenario 2 for the 8 user case is slightly better over the entire range of Eh/No (6 dB to 30 dB). In the same manner, Figure 3 demonstrates expected performance as outlined in (7) and (8).
As explained in section IV (case-I), for the same combination of users, the desired user at voice rate may perform better than that of the desired user when selected from H-data or L-data rate. Simulation results shown in Figures 2 and 3 also agree with this reasoning.
1 Bit h x g~~ In this case the distinction is the equal energy per bit for each user regardless of their data rate and is described in case-I1 of section 4. The simulations are carried out under environment identical to that of the equal average power case. Figure 4 illustrates a sample result. Comparison of Figures 2 and 4 shows that when the desired user is chosen from H-data rate users, the overall performance for the equal bit energy case is much better than that of the equal average power case. The reason is, since Eb is the same for all users, Hdata users have the advantage over voice rate users in terms of signal power. This is not the case when signal power is the same, H-data users have the disadvantage in terms of Eb. Other simulation results (not shown) indicate that for equal bit energy and equal average power cases, the performance of the system alters, but their operating region is almost the same. Therefore, it may be mentioned that performance in the two cases are inversely related and depends on the users' combination.
B. Fixed Bandwidth Case
The F-BW case is studied in [l] . Table 2 shows several simulation scenarios for the F-BW case for comparison purpose only. Only H-data and voice rate users considered to have an upper and lower bound on the performance of the system. The system is simulated under identical operating conditions while the average power of users' are the same. Here the equal bit energy case is not considered.
We only show here results for voice rate (-63) users due to space limitations. Comparison with Figures 2 and 3 shows that significant improvement is achieved for the V-BW case under the same operating condition. Since the same average power criteria is taken into consideration, low data rate users will have an advantage over high data rate users, as explained in section 4. Other simulation results in the F-BW case also confirm this statement.
The work done in [I] considered E@Vp12dB, which means, in all cases, E f l~2 7 d B when user is with PG=32 and EdN&24dB, with pG=16. Two different data rate scenarios at average power control platform are considered. It is found that when desired user is at high data rate and all the interferers are at low data rate (half that of desired user), BER is around lo-'.
Apparently, it is inconsistent with the result shown in Figure 5 . But as explained in section 4 case-I, reduction of data rate of interferers with respect to the desired user has the effect of significant performance degradation. In this study, three different data rates are considered, hence, degraded performance in Figure 5 is expected. The other reason is that Gold codes have finite crosscorrelation and contributes to raise up the noise floor. Hence. in similar scenario, for 15 user (say), additional interference is higher if the data is spread using Gold code than that of Hadamard code. Taking these factors into account, it can be stated that a significant amount of performance improvement is achieved when variable bandwidth of the transmitted signal is exploited.
C. Imperfect Average Power Control
Conventional CDMA requires strict power control which is very hard to maintain in a mobile environment. Therefore, there is a need for a receiver which is near-far resistant. In this section the performance of chip spaced DFE is demonstrated under V-BW environment when the average power of the users are unequal. The simulation experiment is performed when the average power of interfering users differ by -5dB to +5dB relative to the average power of the desired user. The power level of interfering users is assumed to be uniformly distributed around the power level of the desired user. The near-far resistance properties are investigated for scenario 5 of Table I , BER performance for this scenario is shown in Figure   6 . Comparing It is also found that the performance of the system is dependent on specific combination of users. While the average power of each user is the same, any increase in the number of low data rate users degrade the system performance. On the other hand, when EdNo is the same for all users, then performance is dominated by signal power and high data rate users gain advantage over low data rate users.
Performance of the DFE in a near-far scenario is also presented. It is found that the performance of DFE does not degrade noticeably when the average power of the interfering users vary in a range of -5dB to +5dB with respect to the desired users power. Thus, the proposed structure can even tolerate imperfect average power control. 
